A recent study described the utilization of complex quadrupole isolation schemes to reduce high abundance ion saturation in Orbitrap systems. The BoxCar technique effectively democratizes MS1 scans by restricting high abundance ions from consuming as much space in the trap. This restriction allows lower abundance ions more acquisition time and can increase the signal to noise by a full order of magnitude. 
BoxCar data is through the most recent releases of the MaxQuant software package which has been supplemented with an equally innovative method for normalizing intensity between BoxCar scans.
Three main drawbacks currently exist in the BoxCar methodology. The first is that it can only be utilized on the most recent quadrupole Orbitrap instruments, the Q Exactive HF and HF-X systems. In addition, in the BoxCar method only the MS1 scans benefit from the increase in dynamic range. The authors demonstrate a remarkable power in BoxCar in making peptide identification based solely on MS1 spectral libraries. The sensitivity and selectivity of MS1 based identification and quantification is well established for both the analysis of specific PTMs in complex matrices and in peptide quantification. 3 Independent attempts to quantify resolution versus specificity confirmed that MS1 scans above a resolution of approximately 60,000 at m/z 200 can provide the same, or superior specificity as triple quad based SRM assays. 4, 5 However, the majority of modern shotgun proteomics relies on MS/MS scans to confirm peptide identification and many practitioners may not consider MS1 information sufficient for peptide identification in their experiments. In BoxCar, the selection of MS/MS spectra is performed from an additional full scan MS1 event that occurs in addition to the 3 separate BoxCar scans. While MS1 scan data benefits from the BoxCar methodology, this benefit is not passed on to the ions selected for fragmentation. A final, and perhaps most challenging drawback of the BoxCar method is cycle time. With 3 BoxCar scans and a full scan required for parent ion selection as demonstrated in the original study, the amount of time available for acquiring MS/MS spectra is reduced markedly from standard dd-MS2
experiments.
In this study we describe the design and implementation of instrument parameters inspired by BoxCar using unmodified vendor control software. While some characteristics of the BoxCar method cannot be completely replicated, we find that many of the advantages of the method can be obtained by mimicking 
Materials and Methods

Samples
All experiments were carried out with the HeLa digest and Pierce Retention Time Calibration Standard (PRTC), both from Thermo Fisher. The PRTC was diluted with 0.1% formic acid to a total concentration of 50 fmol/µL. This solution of PRTC was used to reconstitute and dilute the HeLa digest standard. The HeLa standard was diluted to allow multiple injections ranging from 20ng to 500ng of peptide digest on column.
Orbitrap Fusion Methods
All methods were written on an Orbitrap Fusion 1 system equipped with Tune version 3.0 installed in January 2018. An EasyNLC 1200 system and EasySpray source was used for all experiments with 0.1% formic acid as Buffer A and 80% acetonitrile with 0.1% formic acid as buffer B. EasySpray 25cm columns with PepMap C-18 with 2um particle size and equivalent 2cm precolumn trap was used for all experiments described. All gradients were identical for the experiment, beginning at 5% buffer B and ramping to 26% B in 51 minutes and increasing to 38% B by 81 minutes, all at 300nL/min. A steep 6-minute ramp to 98%
buffer at 500nL/min was used before returning to baseline conditions. Baseline equilibration was performed automatically by the software at the beginning of each run.
All diluted samples were analyzed with the vendor's "Universal Method" with one substitution. HCD fragmentation replaced CID to increase overall MS/MS acquisition rate 6, 7 . Variations on the BAMF method are described in the results and conclusions section. 
Results
Designing Parallelized BoxCar Assisted Experiments
The BoxCar experiment uses the MaxQuant.Live software package and is currently only compatible with the Q Exactive HF and HF-X systems through an unlocked interface. We attempted to replicate the BoxCar methods using the Orbitrap For example, to most accurately replicate the BoxCar experiment, four experiments must be designed.
These consist of three BoxCar experiments, followed by a single standard data dependent experiment flowchart. In order to simulate the BoxCars, multiplexed targeted SIM scans (msx-tSIM) can be employed and controlled independently within each experiment. However, the Fusion instrument flowchart allows data dependent scans to be performed directly from the msx-tSIM scans, as shown in Figure 1 , improving both cycle time and allowing BoxCar benefits to be applied to ions selected for fragmentation. In order to clarify where our experiment differs from BoxCar, we will refer to it as BoxCar Assisted MS/MS Fragmentation (BAMF). 
Signal to noise improvement from BoxCar and BAMF
In the BoxCar study, the authors demonstrate an increase in signal to noise ratio of 10-fold in complex matrices. To determine whether this observation held in our methods we extracted monoisotopic ions in the same manner. Without the ability to directly quantify BAMF data automatically through the MaxQuant software we developed an alternative strategy based on data available in the literature 10 . In this study,
an Intensity Based Absolute Quantification (iBAQ) 11 analysis of the HeLa cell line generated the relative abundance of the near-complete proteome of this cell line. Using this as a metric for abundance we could compare the relative sensitivity of our dd-MS2 and BAMF experiments. The maximum tryptic digest iBAQ is Cofilin-1 with a signal of 2.57e9. In a crude metric of relative protein abundance, we distinguish proteins 10 in this group by orders of magnitude below this intensity. For example, 4964 proteins possessed numerical iBAQ below 2.57e6, thus three orders of magnitude below maximum. As shown in Figure 3 , with 20ng of HeLa digest using BAMF, 112 proteins below this mark were identified by MS/MS. This number is higher than the 70 proteins found in a file from the original BoxCar study (file 11753) despite the fact 50 times more peptide was loaded on column in the BoxCar experiment. However, equivalent protein recovery was found with 15 proteins matching the lowest protein abundances at 4 orders below maximum iBAQ. 
Peptide and Protein Identifications with BAMF
The BAMF files and BoxCar public access files were processed with both Proteome Discoverer (PD) and
MaxQuant. PD was not capable of quantification and returned errors for both sets of files when using the label free quantification nodes Minora and apQuant 12 . PD can identify ions from MS/MS scans from both files using SequestHT and returned results manual verification of PSMs confirmed as appropriate. The
MaxQuant version utilized could process the BoxCar files but does not currently recognizes BAMF files as
BoxCar and returns errors in our hands. We selected 2 BoxCar and 2 BAMF files from each experiment and processed with the highly fractionated HeLa library generated in the original BoxCar study. Figure 5 is a summary of these results. While BAMF performed well at every dilution when MS/MS scans were matched against the FASTA file, MS1 matching was found to be inferior to the BoxCar files. While BoxCar has the advantages of dynamic isolation window control that aids in signal to noise improvements, manual examination of the BoxCar and BAMF windows suggest similar signal to noise improvements and we believe that this decrease is more reflective of file incompatibility rather than a true decrease in measurable isotopic windows. 
Conclusions
We have described a method based on the BoxCar method that can be utilized on Orbitrap Tribrid systems with no modifications to the vendor software. Furthermore, we have expanded on the efficacy of the BoxCar method by directly picking ions for MS/MS from the BoxCar scans rather than from an additional MS1 full scan. The savings in time from the removal of the full scan coupled with the parallelization of MS1 and MS/MS acquisition using IRM HCD and ion trap acquisition allows for an increase in the number of MS/MS scans retrieved from each sample injection. Furthermore, we find that we can increase the dynamic range of peptides identified from both MS1 signal and from MS/MS fragmentation by using BAMF as compared to standard dd-MS2 experiments on the same Orbitrap system.
There are still limitations with the BoxCar and BAMF methods. Compared to standard dd-MS2, we obtain only a fraction of the number of MS/MS scans when peptide load on column is relatively high. However, for applications where only nanograms of material are available for use, BAMF may be an attractive alternative methodology. In our lab, work is underway to further develop BAMF for both metabolomics applications using an Orbitrap Fusion and Fusion ID-X systems as well as the newly released Exploris system that has integrated BoxCar/BAMF capabilities. The primary limiting factor is, however, informatics as improvements in the software for label free quantification including the recognition of BAMF scans by MaxQuant may be necessary for these techniques to realize their true potential.
